The authors investigated the hydraulic roles and characteristics of wash load in an experimental flume.
by which bed-material load and wash load are controlled, and also the difference in characteristics between them. They revealed that each load was controlled by the same law and that the transport rate of the wash load could be calculated by the bed-load function when the instantaneous bed composition was known. However, as the transport rate of the wash load depends mainly on various factors in the upstream watershed, such as geological and channel conditions, which determine the availability of wash load sediment in the river, they concluded that the wash load could be analyzed statistically only if sufficient information was available. Main changes may be expected in the following items :
1) A change in the velocity profile and sediment distribution due to the variation of Karman constant.
2) A change in the transport rate of the suspended sediment (bed-material load).
3) A change in bed configurations (such as dunes, flat beds, and anti-dunes). in the design of a river channel may be questioned.
By their experimental study, the authors have attempted to provide explanations for the three items mentioned above.
EXPERIMENTAL APPARATUS AND PROCEDURE
The flume used for experiments is a recirculating type flume with glass walls, which a length of 8 meters and a width of 0.4 meters respectively.
The sand used for bed material is nearly uniform with a mean diameter of 0.018 cm and a specific gravity of 2.65 (sand A). On the other hand, two kinds of very fine sand are used for the wash load, both are nearly uniform silica sand, one with a mean diameter of 0.005 cm and a specific gravity of 2.65 (sand B), and the other with a mean diameter of 0.0015 cm and a specific gravity of 2.65 (sand C).
Their grain size distribution curves are shown in 2) The bed-material load is added to the flow and the vertical velocity distribution, the mean sediment concentration and the distribution of sediment concentration are measured.
3) The wash load is added to the flow of 2) and the measurements stated in step 2) are repeated. 4) Then, the wash load concentration is increased and the measurements in step 2) are repeated (see Table 1 for a summary of hydraulic and sediment transport data).
Step 1), using clear water only without suspended load or wash load, is carried out in order to furnish a comparison of hydraulic conditions between a clear water flow and a sediment laden flow.
All of these measurements are made after the steady states of flow are attained by circulating water with the sediment in the system.
These experiments are carried out in non-equilibrium and equilibrium states. Here, non-equilibrium state means the flow state in which the flume bed is exposed without any sediment deposition ; that is, the flow does not transport enough sediment. The equilibrium state means the flow and sediment conditions in which the flow is transporting enough sediment without any further deposition and scouring on the sand bed.
In the equilibrium state, sand A is used for bed material and bed-material load and sand B or sand C is used for wash load. Sand A can be easily divided from sand B or C in the sediment mixture by meams of sieve analysis (Fig. 1) .
Throughout all experiments, the fine sediment (sand B or C) is kept in suspension without any deposition on the bed and considered sufficiently as wash load.
DISCUSSION OF RESULTS
3.1 Kfirmin constant The authors5) studied the variation of Karman constant due to the extremely fine sand (sand C) in suspension and the results have already been published.
They are summarized as follows. (Fig. 2 ). In Fig. 3 
where es is a sediment transfer coefficient.
where A is an integral constant.
It is assumed that e, is equal to the momentum transfer coefficient and the shear stress is proportional to the distance from the bed as Rouse8) has stated in his theory.
Then,
Therefore, 
where If it is assumed that the concentration at the water surface is zero, i.e., A=0, then Eq. (9) (9) and Eq. (10) 2) Energy dissipation due to internal mixing in the fluid, Dm.
3) Energy dissipation due to wave making resistance at the water surface, D. Therefore,
The value of the left side in Eq. (12) is increased by adding the wash load as stated before. In the right side, the change of energy dissipation due to wave making resistance need not to be taken into consideration because, according to the experiments*, there is almost no change in Du, whether or not the wash load is added to the clear water flow.
It is found from the experiments that the velocity gradient in the very thin layer near the bed becomes steeper but the velocity distribution above this layer becomes more uniform by adding the wash load to the flow.
As a whole, the energy dissipation, Dm, due to the internal mixing of fluid may be reduced because the energy dissipation in the upper thick layer will be decreased although the dissipation in the lower thin layer may be increased by adding the wash * The authors will discuss this subject in another publication. load.
M. Hino") has already investigated this subject by his theory and has showed that the decrease of the energy dissipation of the sediment laden flow with the smooth bed is due to internal mixing. Therefore, it may be considered that the energy dissipation D1 on the bed is increased since re Um is increased and, furthermore, the energy dissipation due to internal mixing is decreased by adding the wash load. The increase of Df means an increase in the tractive force.
Considering these results and using the measured values, the authors examined the transport rate of bed-material load in the same way as Einstein.
The transport rate, qs, of the suspended load per unit width is given by Eq. (13) (13) In Eq. (13), C is expressed by Eq. (10) since it was confirmed that the distribution of the suspended load almost satisfied Rouse's formula.
For the velocity profile the logarithmic law was used. Eq. (13) then becomes (14) where I, and 12 are given by Einstein's diagrams. Therefore, q, in Eq. (14) should be affected by changes of K and Ca.
The results of these computations are shown on Column ® in Table 2 . In these computations, the values of Ca and K are calculated from the observed data.
From Table 2 , it may be accepted that the transport rate of the bed-material load is increased as the wash load rate is increased.
Column ® in Table 2 shows the results of the same computation in which the constant Ca and the same value for K as in the former case are used.
In this case the increase of the wash load makes the transport rate of the bed-material load decrease, which does not agree with the experimental results. 
Thus, we obtain the ratio of concentration near the bed Cai and Ca2.
The subscripts of Ca and K correspond to the subscript of r. Eq. (18) But the authors could not find any works on the changes of bed configurations due to the wash load.
In the previous section, it was found that if the wash load is added to the flow in the equilibrium state, the tractive force on the bed is increased and the transport rate of bed-material load is also increased. 3)
The wash load as well as bed-material load should be taken into consideration regarding the stability of stream bed and the design of river channel. From these results it is found that Eq. (A 3) and Eq. (A 5) do not differ from Eq. (9) and Eq. (10) respectively.
